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ABSTRACT

Strengthening of the quadriceps is a central tenet of lower extremity rehabilitation, particularly after knee
surgery. Quadriceps deficits after various knee procedures are well-documented. One method common to
strength and conditioning circles is variable resistance training (VRT). VRT involves the use of heavy
chains and elastic bands to facilitate gains in strength and power. Most of the application in strength train-
ing however has been on healthy, trained athletes. Sports physical therapists may use elastic bands for VRT
to augment strength gains for the recovering athlete. The purpose of this manuscript is to provide a clinical
suggestion for the use of VRT in athletic rehabilitation.
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PROBLEM

Maximizing strength of the quadriceps is one of
the main goals following knee surgery and general
knee rehabilitation for the athletic population. For
purposes of this manuscript, the athletic population
will include not only competitive and recreational
athletes but also those characterized as “weekend
warriors.” Quadriceps deficits that occur following
anterior cruciate ligament (ACL) reconstruction,'*
knee arthroscopies,® patellofemoral pain syndrome,®”
and total knee arthroplasty®® are well documented.
Appropriate strength is required for proper progres-
sion through a functional testing algorithm follow-
ing a lower extremity injury.'® There are numerous
ways to strengthen the quadriceps in both open and
closed kinetic chain and one method that may be
used is Variable Resistance Training (VRT), which
involves the use of heavy chains or elastic bands in
addition to weight on a lifting bar. VRT has been used
in the strength and conditioning literature in both
strongman competition training" an eclectic sport
where feats of strength are performed by competi-
tors who lift rocks, refrigerators, pull trucks, and lift
items overhead for example, as well as to increase
strength and power in athletes.'*!®* However, to the
author’s knowledge, it hasn't been described as a tool
to be used in sports rehabilitation. Because of the
benefits in strength and power that may be realized
from this method of training, it should be considered
as a potential method to facilitate strength gains in
the lower extremity. Potentially, it can be used ear-
lier in the rehabilitative process as well, prior to sub-
maximal or maximal strength activities instead of
just in the terminal phases of rehabilitation.

SOLUTION

The concept of VRT using elastic resistance can be
used to augment an exercise like the leg press or
assisted squats to enhance eccentric loading. Figures
1 and 2 show how an athlete may use bands or tub-
ing while performing squats on the Total Gym® (Total
Gym, San Diego, CA). The band should be on max
tension at full extension of the hip and knee. The ath-
lete should be instructed to lower themselves and the
weight slowly and then push back to the start posi-
tion. This exercise can be done with one or two legs.
In Figures 3 and 4, the athlete uses bands or tubing to
increase eccentric loading on the leg press machine.

Figure 1. Start position in full hip and knee extension with
maximum tension on the band on the Total Gym® (Total Gym,
San Diego, CA), single leg example. Any body weight type leg
press model would work.

For athletes recovering from ACL reconstruction, this
may be a particularly advantageous modification to
two common exercises because of the added eccen-
tric component to the load. Eccentric strengthen-
ing has been shown by several authors to enhance
strength and cross-sectional area of the quadriceps
and gluteals following ACL reconstruction.'®'®

When enhancement of strength is the training objec-
tive, the athlete should perform 5-10 repetitions for
3-4 sets of the exercise. The author suggests using
bands or tubing at the highest tension because lower-
level resistance will not provide the overload that
greater resistances provide, however, band tension
should be based on the athlete’s ability to control the
weight. Unfortunately, it has been shown that there
is up to a 5% difference in resting tension and up to
19% in maximum tension of the same color band.!®
Therefore, the sports physical therapist should use
discretion when not only adding VRT, but also the
movement quality when the athlete or patient per-
forms the exercise.
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Figure 2. End of the eccentric/lowering phase using the
band on the 'Total Gym®,

DISCUSSION

VRT has been described in the literature as an
attempt to combine the range of motion and accel-
eration benefits of ballistic training while allowing
higher loads than are normally used in typical resis-
tance training."” The advantage of VRT is that typi-
cal ballistic type training may be difficult to apply
safely for an athlete after knee surgery. VRT allows
the sports physical therapist to utilize its benefits of
eccentric-emphasized training with minimal risk.
In addition, VRT has been shown to be superior in
increasing strength and power, as well as increasing
force, lean body mass and overall EMG activity when
compared to typical resistance training.!* Some of
these gains may be attributed to the human body
having to match the loading pattern of the additional
resistance, which may yield a greater overload on
the muscular system. Overload is achieved by the
weight on the bar plus the stretch offered by the
elastic bands that serves to increase resistance. In
an attempt to return to initial length the bands pull
the bar downward with greater force than with free
weights alone, thereby increasing the eccentric load

Figure 3. Start position in full hip and knee extension with
maximum tension on the band using the Magnum Fitness leg
press (Magnum Fitness Systems, Milwaukee, WI), single leg
example. Any leg press model would work.

substantially when the bands are at full tension. In
the same light, a concentric repetition with the elas-
tic resistance may help athletes break their “sticking
point.”?# This strategy focuses on the top half of the
repetition or the “lockout” portion since the weight
exponentially increases as the bar is pushed closer
to full extension, which often leads to a point where
an athlete gets “stuck” and cannot lockout.

In addition, when free weights are used in conjunc-
tion with elastic bands, there may be breakthroughs
of strength plateaus that are present due to neu-
ral adaptations. Shoepe and colleagues compared
a group who participated with free weight training
and elastic bands and a group who solely trained
with free weights.?? The group who trained with both
the free weights and elastic bands had significantly
greater strength gains as measured by 1RM in the
bench press, back squat, and in lean body mass when
compared to the other groups. Interestingly, Garcia-
Lopez et al analyzed the amount of reps their sub-
jects could get during a 70% 1RM bicep curl on both
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Figure 4. End of the eccentric/lowering phase using the band
on the assisted squat machine, single leg example on Shuttle.

the pulley cable, with its normal open-chain setup,
and with elastic resistance attached to the cable.?
The group who participated with the elastic resis-
tance attached had a reduced maximum number of
repetitions, yet a similar perception of effort. This
study shows the potential efficacy of elastic resis-
tance by bringing a muscle group to failure quicker
and with equal perceived exertion as a traditional
approach.

CONCLUSION

While VRT has been used in the training of healthy
athletes to maximize strength and power, it has not
been studied in the recovering athlete. This clinical
suggestion provides a first step in how VRT using
elastic resistance might be used during the process
of lower extremity rehabilitation. The concept of
VRT may be extrapolated to sport rehabilitation in
earlier phases of rehabilitation in order to help facili-
tate gains in strength and power. VRT can be particu-
larly important for the clinician who lacks resources
to train their athletes appropriately in maximizing
their quadriceps strength and power. In a facility

with limited resources to maximize strength gains,
VRT is a “‘budget friendly” method to augment
strength gains without having to purchase expensive
equipment or increase space to accommodate new
equipment. In addition, VRT may be an alternative
modality of training to help alleviate boredom or to
help during times of plateau.
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